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(71) We, rm QUEENS UNIVER- 
SITY OF BELFAST, a corporate body 
established under Royal C3iaiter, of Belfast 
BT7 INN, do hereby declare die invention 
5 for which we pray that a patent may be 
granted to us, and the method by which it is 
to be perfonned, to be partic^jlarly described 
in and by the following statement: — 

This invention relates to rotary transducers 
10 to be driven by a working fluid such as air 
and particularly but not exclusively to the use 
at such a transducer to extract energy from 
the motion of the waves of the sea. 

It is known that it is possible to extract 
15 energy from sea waves by allowing the waves 
to produce a fluctuating water level in a 
chamb er which is preferably open to the at- 
mosphere, thus displacing air from and draw- 
ing air into the chamber, the flow of air thus 
20 created being used to , drivt^jm air turbine. 
Such a chamber can be provided in a floating 
buoy. Of be part of a larger floating structure, 
or of a marine structure secured to the sea 
bed, or of a shore stucture accessible to the 
25 waves. 

It is of course desirable that the rotor of 
such a device should be driven only in one 
direction c£ rotation during operation, it the 
extraction of useful power from its rotation 
30 is to be a practical proposition. 

One proposal is disclosed in British Patent 
Specification No. 1,014,196. This Specification 
d&closes an arrangement which utilises a tur- 
bine of a kind which will be driven in opposite 
35 directions of rotation by air impinging on it 
from respectively opposite axial directions. 
This necessitates an arrangement ot flap valves 
to regulate the flow of air, so that the air 
always flows through the rotor in the same 
40 direction of rotation. The presence of the flap 
valve arrangement necessitates an undesirably 
complicated structure and also reduces the 
efficiency of the mrbine. 

The appvatas oi British Patent Spedfica- 
45 tion No. 1,449,740 avoids the use of flap val- 
ves such as those described above, by using 
a turbine having "bucket-type" rotor blades 
onto which the flow of air in both axial direc- 
tions is direaed by means of stator blades 


oa both sides of the turbine, so that the air SO 
impinges on the rotor blades with a substantial 
component of its velocity normal to the axis 
about which the rotor rotates, so that the 
mrbine always rotates in the same direction. 
Such a mrbine will have a relatively low peri- 55 
pheral speed since the speed of the turbine 
blades will be limited to a value somewhat 
less than that of the impining air flow, and 
whilst this turbine is suitable for, for example, 
powering a navigation light on a buoy, it is 60 
less so for generating power of a magnitude 
which is worth transmitting to the shore; in 
particular the low rotational speed makes such 
a device prone to undesirable inegularity of 
output and even to stalling. 65 

Viewed from one aspect, the invention pro- 
vides a rotary transducer comprising a rotor 
having a plurality of blades each of which is 
of aerofoil cross-section and is fixed with its 
plane of zero lift normal to the axis of the 70 
rotor, the arrangement being such that flow 
of fluid in either axial direction causes the 
rotor to rotate always in the same direction of 
rotation. 

Viewed from another aspea, the invention 75 
provides a rotary transducer including a rotor 
and a plurality of generally radially extending 
rotor blades on which a working fluid is 
arranged to act to produce rotation of the 
rotor, wherein each rotor blade is fixed in go 
position relative to the rotor and is substan- 
tially symmetrical about a plane perpendicular 
to me rotor axis, the blades having surfaces 
which are <rf generally aerofoil shape and being 
mounted with their leading edges facing in 85 
the same circumferential direction. 

When the rotor of such a transducer is 
rotating and there is an axial flow of air 
through the transducer in either direction, 
there is a component of lift in the plane of 90 
rotation of the blade which is positive in the 
direction of rotation of the rotor blade, as 
will be explained hereinafter. In this manner, 
regardless of the axial direction of the flow of 
air incident on the rotor, the rotor will always 05 
be rotated in the same direction. 

When the rotor is stationary, the rotor will 
start to rotate when an air flow occun in the 


axial direction of the rotor. This is because 
the blades of the rotor which are of aerofoil 
CToss-«ection have a larger radius of curvature 
at the leading edge than at the trailing edge 
5 thereof, and the reduction of pressure caused 
by the flow of air will act oa a larger area 
at the leading edge of the blade than at the 
trailing edge. This phenomenon produces only 
a weak force, but it is suflBcient to start rota- 

10 don of the rotor, whereafter the mechanism 
outlined above comes into effect. It will thus 
be aj^reciated that a comparatively thick, 
blunt blade would have good self-starting 
diaracteristics. However, a thinner blade cap- 

15 able of operating at high speed is preferred 
as providing a more efficient rotor. The blade 
profile at present preferred is that referred to 
as NACA 64/009, NACA being the United 
States National Advisory CtHnminee on 
- 20 Aeronautics. This is, however, only one ex- 
ample of many similar profiles which could be 
used, for example NACA 0009 and 0012. 

The solidity fanor of the rotor, which is 
defined as that proportion of the area of the 

25 aiclc swept by the rotor blades which is oc- 
cupied by the rotor blades, is preferably less 
than 0.5, more preferably in the range 03 to 
0.4. 

The transducer may have guide vanes on at 

30 least one side of the rotor. Preferably, guide 
vanes are arranged on both sides of the rotor. 
Sud) guide vanes cause air to flow subs^- 
tially axially through die rotor. The guide 
vanes may lie in planes containing the axis 

35 of the rotor, but they are preferably inclined 
to- such planes, e.g, at-an angle- of-up to 30°- 
the edges of the guide vanes aijaceni the rotor 
being more advanced in the direction of rota- 
tion the rotor than the opposite edges 

40 thereof. 

The invention further provides apparatus 
for extracting energy from the cyclic motion 
erf a body of water, comprising a transducer 
as described above ananged such that said 

45 cyclic motion of the body of water causes 
rotatian of the rotor. 

Preferably the transducer is positioned in 
a duct whioi is part of a housing surrounding 
part of the body of water, the lower end of 

50 the housing ben^ open and submerged. In 
such an arrangement it is preferable djat air 
above the level of the water within the hous- 
ing is caused to flow through the transducer 
in' accordance with variations in the level of 

55 water in the housing. 

The apparatus preferably comprises a float- 
ing buoy, although it could form pan of a 
shore structure, pan of a larger floating struc- 
ture or be conneaed to the sea bed. The 

60 transducer is preferably used to generate elec- 
tricity by means of a generator driven by the 
rotor, although it could also be used to drive 
a pump or other suitable means of power 
conversion. 

(,5 When such an apparatus is in the form 


of a buoy, a mass of water confined by it 
heaves in cyclic motion. As the water level 
rises and faUs air is drawn dirough the trans- 
ducer and, owing to the construction of the 
transducer in accordance with the invention, 70 
air flow in either direction always causes the 
rotor to rotate in the same direction- 

Preferably the transducer is mounted in the 
throat of a convergent-divergent nozzle with 
its axis of rotation concident with the axis cf 75 
the nozzle, ±e nozzle communicating the in- 
terior of the buoy with atmosphere. 

The lift or axial thrust which is generated- 
at the rotor is proportional to the instantaneous 
axial velocity of the air dirou^ it, averaged 80 
over its cross-section^ so that linear damping 
is impressed upon the air column within the 
buoy, hence upon the heaving motion of the 
bu(^ itself, which motion is also controlled by 
the mass of the buoy (including that of en- 85 
trained water), the stiSncss related to heaving 
motion (arising from the waterline cross- 
section of the buoy), the damping as defined 
above, and the cyclic heave disturbing force 
from the incident wave system. Insofar as a 90 
wave system has a charaaeristic spectrum of 
wave components of different wavelengths and 
angular velocities, die natural frequency of 
heavre oscillation of the buoy should correspond 
Math that of the wave component having the 95 
greatest product of power potential and pro- 
bability of occurrence (over an annual or 
bnger period), oi somewhat greater natural 
frequency than this, so diat a suitable com- 
pronase is obtained between three factors 100 
namely,-exploiEation of power amiplificatioh by 
resonance, eflScient power extraction from the 
more probable but less powerful high fre- 
qaestfjy waves, and a high degree of rejection 
of power from non-resonant storm waves of 105 
low frequencies. 

In an embodiment of the invention to be 
described, the optimal inerrial mass of the 
buoy is larger than can be accommodated 
wdun the buoyancy space and a subsidaiy HQ 
ctamber, which is flooded with water and to 
wiich an anchor cable is secured, is attached 
bdow the buoy. The extra inertial mass is 
thereby made to be approximately neutrally 
buoyant. Such an ancillary mass to which the 115 
^chor cable is secured can tiien also provide 
the facility ctf a kedge whereby the anchor 
cable force is constrained towards the hori- 
zontal at^aU times (such that the anchor is not 
dragged from its penetrated position), and pro- 120 
vision is allowed for limited horizontal as weU 
as vertical cyclic motion of the buoy, due to 
wave action. 

• Jf^ ^^'^ ^ mentioned earlier 

IS preferably arranged at least on that side 125 
of the transducer in commum'cation with the 
interior of the buoy. This is because when air 
IS drawn through the transducer into the buoy, 
a swiri IS induced in the air, so that whci 
this air IS forced out of ±e buoy, this swiri J30 
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tends to persist. It is tfaeiefore desirable to 
improve the efiSciency of the transducer by 
eliQiinating, or ax least substantiaUy reducing 
this effect. 

5 A jriurality of buoys as described above 
may be interconnected to form a straight or 
curved line, or a ring. However, die buoys are 
more efficient when moored in isolation, and 
it is therefore preferred that the buoys are 
10 spaced from one another by approximately 
SIX buoy diameters. 

It may be desirable to provide a buoy hav- 
ing a plurality of rotary transducers working 
in parallel air streams. This would allow the 
15 air capacity to be increased whilst keeping 
the air flow over the blades of each rotor 
subsomc. This arrangement also has the ad- 
vantage that the flow to one or more of the 
transducers anvli be shut off when the wave 
20 height is small, whereby the range of peak 
flow rates for which there is useful work out- 
put is effectively doubled. 

In addition it may also be desirable to pro- 
vide a plurality of rows of blades in series on 
25 a common rotor shaft, in order to obtain an 
increased pressure dn^. 
In the accompanying drawings: — 
Figure 1 is a diagram illustrating the theory 
of the mode <rf operation of a rotary trans- 
30 duccr in accordance with the invention; 

Figure 2 shows a plan of an embodiment 
of a rotary transducer in accordance with the 
invention; 

Figure 3 shows an end elevation of the 

35 appMatus rf Figure 2; 

Figure 4 shows a transducer incorporating 
the apparatus of Figures 2 and 3 mounted in 
a buoy; and 
Figure 5 is a general view of a buoy em- 

40 boding the present invention. 

In Figure 1, a rotor blade is shown in 
cross-section, and can be seen to be of sym- 
metrical aerofoil section. The velocity erf the 
particular portion of the Wade shown is V, 

45 thus producmg an effective flow of air widi 
a velocity component V in the direction op- 
posite to the direction of rotation, as shown 
in the drawing. When air is flowing azially 
downwardly through the rotor with a velocity 

50 Ui the resultaitt direction of air incident on 
the rotor blade is Ii. When air is flowing 
axially ujywardly wilh a velocity Uj, the direc- 
tion of air inadeat on the rotor blade is la. 
A Uft is created m the direction namal to the 

55 incident air at the blade; Li vnth the air flow- 
ing downwardly and Lj with the air flowing 
upwardly. It will be seen that both Li and La 
Mve a component in the plane of rotation of 
the blade which is positive in the direction 

50 of rotation of the rotor blade. Thus, regard- 
less of the axial direction of the flow of air 
incident oi the rotor blade, it will always 
cause the rotor to whirfi it is attached to rotate 
in the same direction. 

55 As shown in Figures 2 and 3, a transducer 


in accordance with the invention comprises 
a rotor 1 having two fixed blades 2, each (rf 
which has a symmetrical aerofoil cross-seaion. 
The blades are arranged so that the plane of 
zero lift, i.e. the plane of symmetry (hori- 70 
zootal in Figure 3) lies in a plane normal to 
the axis of the rotor; that is, the chords of 
the blades are aligned in the direction of rota- 
lion. Of course, the blades have their leading 
edges pointing in the same circumferentid 75 
direction. 

Figure 4 shows the apparatus of Figures 
2 and 3 bolted to the shaft 3 of an electrical 
generator 4. TIk generator is mounted in a 
vertical duct in the form of a convergent- 80 
divergent nozzle 5 by means of three guide 
vanes or stator blades, 6 axially spaced above 
the transducer. The generator is mounted in 
such a position that Ae transducer is situated 
at the throat of the nozzle with the rotor 85 
coaxial with the nozzle. A further arrangement 
of three guide vanes 7 is mounted in ibt 
nozzle axially spaced below the rotor 1. The 
vanes 6 and 7 serve to reduce swirl in air 
flows passing axially through the nozzle. Such 90 
air flows serve to rotate the rotor as described 
above, the rotor rotating the shaft 3 whereby 
the generator 4 produces power which can be 
collected in a known maimer. 

Figure 5 shows a buoy 8 incorporating the 95 
arrangement shown in Figure 4. The buoy 8 
is quasi-sidierical, laving the convergent- 
divergem nozzle 5 described above at the top 
and having an open base 9, The buoy is 
assenrfiled from a plurality of sections 10, 100 
made of 'fibre-reinfofced tnateriali Glass' or 
other strong fibres and a polymeric or in- 
organic cement matrix are suitable. At least 
some of the sections 10 arc provided with a 
buoyancy pad II in the interior of the bu<^. 105 
The buoyancy pads may be made of rigid 
polymeric foam. The buoy 8 is secured to a 
subsidiary, chamber 12 by means of rigid 
•members 14^ This chamber can be flooded, the 
water entering die dbambcr through a pon 13 1 10 
in order to increase the inertial mass of the 
buoy. Moreover, since substantially all of this 
mass is contributed by the water contained in 
the chamber 12, the mass is neutrally buoy- 
ant. In order to assist in maintaining the 115 
orientation of the buoy in use, caps 15 and 
16 of rigid polymeric foam and concrete res- 
pectively may be provided in chamber 12. 
Legs 17 are provided so that the buoy may be 
stood upright on the ground. 120 

When die buoy is to be used, it is towed 
out to the desired location. The chamber 12 
is flooded and the buoy is moored by means 
oi mooring chains attached to the chamber 
12. The buoy constitutes a housing or conduit 125 
which surrounds a part of the body of water 
~ It. die sea. The lower end 9 of die buoy 
is of course submerged, there being a column 
of water within the buoy. As waves pass the 
buoy, the water column contained in Ae buoy 130 


8 oscillates, thus pumping air above the water 
alternately upwardly and downwardly through 
the transducer. This causes the rotor 1 to 
rotate as described above, thus causing genera- 
tor 4 to generate electricity. 

WHAT WE CLAIM IS: — 

1. A rotary transducer comprising a rotor 
having a plurality of blades each of which 
is of aerofoil cross-section and is fixed with 
its plane of zero lift normal to the axis of 


pianc oi zero nit normal to the axis of tiie body of water, the lower cr 
rotor, the arrangement being such that flow being open and submeiEcd. 
of fluid in either axial direaion causM the 21. Annaranis ,-1=.;™,, 


twvu^, UK. aiiougcuicnt. oemg sucn tnat now 
of fluid in either axial direaion causes the 
rotor to rotate always in the same direction 
of rotation. 

2. A transducer as claimed in claim 1, hav- 
ing a solidity fa«or of less than 0.5. 

3. A transducer as claimed in claim 2 hav- 
ing a solidity factor in the range 0.3 to 0.4. 

4. A transducer as claimed in claim 1, 2 
or 3, having only two of said blades. 

5. A transducer as claimed in claim 1, 2 
or 3, including a plurality of rows of said 
blades mounted in series on a common 


the accompanying drawings, 

19. Apparatus for extracting energy from 
the cyclic motion of a body of water, com- 
prismg a transducer as claimed in any preced- 
ing daim arranged such that said cyclic motion 
of the body of water causes rotation of the 
rotor. 

20. Apparatus as claimed in claim 19, and 
any of claims 15 to 18, wherein the dua is 
part of a housing surrounding part of the 
body of water, the lower end the honsine 

Oeinir nnpn anri otik».A«M.^ ° 


j claim, having guide vanes on at least"^ one side 
of the rotor. 

7. A transducer as claimed in claim 6 hav- 
ing said guide vanes on both sides of the 
rotor. 

) 8. A transducer as claimed in claim 6 or 
7 wherein the guide vanes are inclbed to 
planes containing the axis of the rotor. 

9. A transducer as claimed in claim 8 
wherein the angle of inclination of the guide 

i vanes is up to 30". 

10. A transducer as claimed in claim d or 
7 wherein the guide vanes lie in planes con- 
taining the axis of the rotor. 

11. A transducer as claimed in any preced- 
I mg claim, wherein the blades are of sym- 
metrical cross-section. 

12. A transducer as claimed in any preced- 
mg claim including an electrical generator 
arranged to be driven by the rotor. 

13. A transducer as claimed in claim 12, 
and any of claims 6 to 10, wherein the genera- 
tor IS supported by the guide vanes. 

14. A rotory transducer, substantially as 
hereinbefore described widi reference to 
P'g^res 1 to 3 of the accompanying drawings. 

15. A rotary transducer as claimed in any 
of claims 1 to 13, jjositioned in a duct through 
which the fluid flows. 

16. A transducer as claimed in claim 15, 
wherein the rotor is coaxial with the duct. 

17. A transducer as claimed in claim 15 
or 16 wherein the duct is in the form of a con- 
vergent-divergent nozzle and the transducer is 
mounted in the throat of the nozzle. 

18. A transducer as claimed in claim 15 
16 or 17, substantially as hereinbefore des- 
cribed with reference to Figures 1 to 4 of 


21. Apparatus as daimed in claim 20, 
wherein air above the level of the water within 
the housing « caused to flow through the 
transdiKer m accordance with variations in the 
level of water in the housing. 

22. Apparatus as claimed in claim 20 or 
21 wherein the duct is vertically disposed, 
lo Apparatus as claimed in any of claims 

iT A secured to the sea bed. 

10 ^ii^?^*^- in any of claims 

19 to 22, being in the form of a floating buoy. 
25. Apparatus as claimed in claim 19 and 


„ a tuuuiion rotor. ^j. apparatus as claimed in claim 19 and 

,L w ' f y P««d'ng of^^J^inis 15 to 18, wherein the apparams 

aun, havmg guide vanes on at easr nno ..-Hi. is in the fnm rrf » k„™. .t- • "Fl""""* 
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• • V " ^ wnerem the apparatus 
IS in the form of a buoy, the interior of which 
confines a mass of virater and is connected to 
aonosphere via the duct, cyclic movement 
Of the mass of water causing air to flow 
through the transducer. 

26. Apparatus as claimed in claim 25 where- 
in the buoy has an <KJen bottom and the mass 
of water is a portion of the aforesaid body 
of water which is surrounded by the buoy. 

27. Apparatus as claimed in daim 24, 25 
or 26, induding a subsidiary chanAer which 
is flooded with water to increase the inertial 
mass of the buoy. 

28. Apparatus for extracting energy from 
flie cyclic motion of a body of water, sub- 
stantially as hereinbefore described with refer- 
ence to the accOTiqjanying drawings. 

29. A rotary transducer including a rotor 105 
and a phirality of generally radially extendmg 
rotor blades on which a working fluid is 
arranged to act to produce rotation of die 
rotor, wherem eadi rcwor blade is fixed in 
position relative to the rotor and is substan- HO 
aally symmetrical about a plane perpendicular 

to the rotor axis, the Wades having surfaces 
whidi are of gencraUy aerofoa ^pe and 
bemg mounted with their leading edges facing 
m the same circumferential direction. 115 

30. A rotary transducer as claimed in dahn 
29 wherein the rotor is mounted coaxially 
vritlun a conduit incorporates stator blades 
^aUy spaced from the rotor in both durections, 

the siator blades being inclined in such a 120 
manner as to decrease or eliminate the swirl 
in the flow of working fluid. 

31. A rotary transducer as claimed in daim 
29 or 30 wherein the rotor is located withm 

a veracal conduit having its lower end sub- I25 
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merged in water, the rotor being mounted co- For the Applicants, 

axially within the conduit in air above the FRANK B. DEHN & CO., 
kvel <^ tbe water such that variations in the Imperial House, 

level of the water in the conduit produce a 15 — 19 Kingsway, 

5 cyclic flow of air past the rotor blades. London, WC2B 6UZ. 
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